Aims: As children's fitness continues to decline, frequent and systematic monitoring of fitness is important. Easy-to-use and low-cost methods with acceptable accuracy are essential in screening situations. This study aimed to investigate how the measurements of body mass index (BMI), waist circumference (WC) and waist-to-height ratio (WHtR) relate to selected measurements of fitness in children. Methods: A total of 1731 children from grades 1 to 6 were selected who had a complete set of height, body mass, running performance, handgrip strength and muscle mass measurements. A composite fitness score was established from the sum of sex-and age-specific z-scores for the variables running performance, handgrip strength and muscle mass. This fitness z-score was compared to z-scores and quartiles of BMI, WC and WHtR using analysis of variance, linear regression and receiver operator characteristic analysis. Results: The regression analysis showed that z-scores for BMI, WC and WHtR all were linearly related to the composite fitness score, with WHtR having the highest R 2 at 0.80. The correct classification of fit and unfit was relatively high for all three measurements. WHtR had the best prediction of fitness of the three with an area under the curve of 0.92 (p < 0.001). Conclusions: BMI, WC and WHtR were all found to be feasible measurements, but WHtR had a higher precision in its classification into fit and unfit in this population.
Introduction
Physical fitness is considered a state of health and well-being and, more specifically, the ability to perform aspects of sports, occupations and daily activities. Fitness is sometimes used as a synonym for health (www.merriam-webster.com/thesaurus/ health). Physical fitness can be assessed by several tests or test batteries that measure the different aspects of fitness. Popular test batteries include Eurofit for children (www.topendsports.com/testing/ eurofit.htm), Alpha-fit for adults (www.ukkinstituutti.fi/filebank/500-ALPHA_FIT_Testers_Manual. pdf) and the Fullerton Functional Fitness Test for the elderly (https://www.interactivehealthpartner. com/pdf/fft_overview.pdf) [1] [2] [3] . These test batteries use different exercises, but the following qualities are measured in all three: endurance, strength, flexibility and balance. Often, only cardiorespiratory fitness, or endurance, is used as a criterion for fitness in general [4, 5] . Handgrip strength is now commonly used to categorise general health, and both the Alpha-fit and Eurofit test batteries include that test. For adults, handgrip strength has been advocated as a proxy for general health and fitness determination [6] [7] [8] .
There are indications that childhood cardiorespiratory fitness has been deteriorating globally for several years. Tomkinson et al. found a significant decline in Asian children's long-distance running performance from 1964 to 2009 [9] . Moreover, in Western countries, Tomkinson et al. [10] found a lowered performance in shuttle-run test results for children and adolescents from 1980 to 2000. Albon et al. [11] found that the fitness of children from New Zealand deteriorated over a 10-year period, particularly among less fit children. In Norway, Dyrstad et al.
[12] documented a 10% decrease in 3000 m running performance in adolescents 16-18 years old, and an 8% decrease in aerobic fitness in 18-year-old males [13] . Fredriksen et al. found small differences in mean values of aerobic fitness, but a polarisation in children and adolescents over the past 45 years when measuring oxygen uptake [14] . Thus, fitness -especially cardiorespiratory fitness -seems to be declining in younger generations, and ways to monitor fitness development are needed. For this, easy-to-use, inexpensive and reasonably accurate tools are called for.
In health screenings, it is common to measure the stature and body mass of subjects, as well as waist circumference (WC). These three measurements form the basis for the customary health variables of body mass index (BMI), WC and waist-to-height ratio (WHtR). BMI is much used in health and fitness classifications, as it is easy to measure [15, 16] . Likewise, WC and WHtR have proven useful for categorising the health and fitness of people [17] [18] [19] [20] [21] . The two aims of this study were: (1) to present mean values of anthropometric and physical performance variables in children in the first to sixth grade, and (2) to investigate whether BMI, WC and WHtR can be used to define fitness levels accurately if fitness is defined by a composite z-score sum of endurance, strength and muscle mass.
Methods

Sample
As a part of a large longitudinal controlled intervention study in Norway called the Health Oriented Pedagogical Project (HOPP), children in grades 1-6 from nine primary schools received an invitation to participate [22] . Of the total population of 2817 children, a sample of 2297 (82%) approved participation to complete the baseline tests with a cross-sectional design in spring 2015. However, only those children with a complete set of measurements of running performance, handgrip strength (both left and right arm) and muscle mass were included in the analysis (n=1731).
Anthropometric measurements and measurements of muscle mass
All participants were tested non-fasting during school hours. Body height was measured to the nearest 0.5 cm, without shoes, using a SECA 213 stadiometer (SECA GmbH, Hamburg, Germany). Body mass was measured barefoot, in light clothing, using a Tanita MC-980MA bioelectric impedance assessment electronic scale (Tanita Corporation, Tokyo, Japan). To compensate for the mass of clothes, 0.4 kg was subtracted from the total mass. BMI was calculated. WC was measured to the nearest 0.5 cm following the World Health Organization method with an anthropometric non-elastic measuring tape, after normal expiration at the level of the umbilicus [23] . In addition, WHtR was calculated by dividing WC in cm by height in cm [23] . Muscle mass was reported by the Tanita scale and is based on the measurement of body mass and water content in the body. Proprietary formulaes are used to estimate the body composition according to sex, age and activity level.
Running performance
Running performance was measured with the Andersen 10-minute intermittent running test [24] , using the distance in metres covered during the test. Supervisors controlled the running distance by checking on a form the number of times the pupils run back and forth. After the last lap, the covered length of this lap was recorded and added to the total laps registered. Subjects were told to do their best to cover the longest possible distance.
Strength
Handgrip strength was measured with a Jamar handgrip dynamometer (Jamar Dynamometer; Lafayette Instrument Company, Lafayette, IN). The pupils were instructed to stand firmly on both feet, with a straight elbow keeping the right arm tucked to the body. They were then told to squeeze as hard as possible for two to three seconds. After the result was read, the procedure was repeated, and the highest value recorded. The same procedure was then repeated with the left arm. We used the average of left-and right-hand results.
Statistics
Data are presented as mean and standard deviation (SD) unless otherwise noted. Sex differences were analysed with an independent group t-test. To analyse grade and quartile fitness differences, we used one-way analysis of variance (ANOVA). To compare the feasibility of BMI, WC and WHtR for classifying fitness, linear regression and receiver operator characteristics (ROC) analysis were used. A p-value of ≤0.05 was considered statistically significant. The following statistical software packages were used: SPSS Statistics for Windows v24 (IBM Corp., Armonk, NY), NCSS Statistical Software v11.0.12 (NCSS, LLC, East Kaysville, UT), SigmaPlot v14 (Systat GmbH, Erkrath, Germany) and Winks v7.0.9. (TexaSoft, Cedar Hill, TX).
Results
Mean values (SD) of anthropometric measures and fitness by grade and sex are shown in Tables I and II. All variables, except WHtR, increased with increasing grade (p<0.0001). WHtR declined with grade for girls (p<0.0001), and more random differences were found for boys (p=0.007). Running performance, measured by the Andersen 10-minute intermittent running test, increased linearly for boy and girls, with the girls showing a plateau from third to fourth grade. Handgrip strength and muscle mass improved linearly for both sexes from first to sixth grade.
To develop a composite score for fitness, the sum of z-scores for each sex and age group was calculated from the variables of running performance, handgrip strength and muscle mass. A one-way ANOVA with quartiles of z-scores as a grouping factor and the composite fitness score showed statistical differences between each quartile for all three measurements. BMI displayed an F-ratio of 505.0, WC of 578.0 and WHtR of 954.0, indicating that WHtR differed most between the groups (see Figure 1 for details) . As shown in Figure 2 , we found a relatively strong association between the z-score sums and z-score of BMI, WC and WHtR. WHtR had the highest explained variance of the three, with an R 2 of 0.80.
To investigate the ability of the three measurements better in order to classify children as fit or unfit, we conducted a ROC analysis. The three curves differed, with the curve from WHtR being statistically better than the other two (p<0.001). The area under the curve (AUC) was highest for WHtR at 0.92 (95% confidence interval [CI] 0.90-0.93). WC had an AUC of 0.85 (95% CI 0.83-0.87), and BMI had an AUC of 0.82 (95% CI 0.80-0.84; Figure 3 and Table III ).
Discussion
The fitness variables running performance, handgrip strength and muscle mass all increased linearly by grade. Measurements of BMI, WC and WHtR showed the ability to classify children in terms of fitness. WHtR was generally better at distinguishing between fit and unfit than WC and BMI were.
Running performance, expressed as number of metres run in the Andersen 10-minute intermittent running test, as well as variables for handgrip strength and muscle mass, improved steadily with increasing grade. This is in accordance with earlier findings measuring absolute oxygen uptake (in L/min) [9] . This development may also be explained by motivation, as well as physiological, biomechanical and anthropometrical factors. This is as expected from the general development of children [25] .
Regressing the z-scores for BMI, WC and WHtR with the composite fitness score, the highest association was found for WHtR. This is in line with Significant differences between sexes marked with bold text.
findings in health screenings, where WHtR has been recommended as a screening tool for health for both young people and adults [10] [11] [12] [13] [26] [27] [28] [29] [30] [31] . WHtR was also better than the two other measures at correctly identifying the fit children, as seen in Table III . Since positive predictive value is dependent on prevalence, the sum of the true-positive rate and the true-negative rate may be used, and again WHtR is superior to the other two measures. Few studies have used fitness scores and WHtR when identifying fitness indicators. However, numerous studies have investigated WHtR and lifestyle-related health factors in general and cardiovascular issues in particular [17, 21, [32] [33] [34] . WC and WHtR are better predictors than BMI of abdominal fat. The presence or absence of abdominal fat is an important indicator of health and fitness, and the two measurements mentioned thus have the potential to better predict fitness than BMI. We have used a composite fitness score, made from z-scores for running performance, handgrip strength and muscle mass. All of these elements are commonly used in fitness test batteries for populations of different ages [1] [2] [3] . Even if this composite score is original, it contains elements that previously have been used to determine fitness. Ashwell et al. and Browning et al. discuss health risks related to obesity [17, 28] . There may be several reasons for fitness to be included in a discussion of health-related risk factors. Most cardiovascular and cardiometabolic risk scores have some sort of physical fitness score embedded in the total risk score. Hence, in the present study, we suggest that a composite score for fitness may be included in healthrelated risk scores. In this light, WHtR may be an important and easily assessable score for both fitness and obesity. For instance, Ashwell et al. have suggested several reasons for using WHtR and not BMI as a global indicator for health risks [32] . First, WHtR is more sensitive as an early warning for health risks than BMI. Second, a boundary of 0.5 indicates increased risk for both men and women, as well as for different ethnic groups. Third, and perhaps most importantly for this argument, WHtR allows for the same boundary for both children and adults, thus omitting the cumbersome conversion between BMI and isoBMI for adults and children [32] . As suggested by Ashwell et al., communicating public health advice would be considerably easier if the same message was used throughout the lifespan. "Keeping your WC to less than half your height" may be used as the main public health message for children and adults of both sexes, regardless of ethnicity [35] .
Limitations
A standardised fitness test battery for children would perhaps improve the validity of the results and make comparison with other studies possible. However, we believe that a composite score with variables of endurance, muscle strength and amount of muscle mass will have face validity for expression of fitness. We have not done any weighting of the variables, and it is possible that doing so might make the composite score better. However, we have no data to do such an analysis, so weighting would be speculative.
Conclusions
When using a composite fitness score from the z-score of running performance, handgrip strength and muscle mass, z-scores of BMI, WC and WHtR could be used as screening tools for fitness, with WHtR being the most feasible. The usefulness of the present results is obvious, as anthropometric measurements of height, weight and WC are easy and inexpensive to perform in screenings. If fitness is defined as endurance, strength and muscle mass, our results imply that WHtR may be used as a predictor for fitness in large population studies.
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